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auios 0piAOJd o:^ spjeueo aq:^ buixqeua go eqq saaggo osxe gdaouoo XT®^ 

Butxxo^ *S aouajagaj ut punog aq ueo suxg XT^^ Buixxo^-^^^? paguao qgxM 

AASfq *s‘n sq^ ^q pagonpuoo gsag jbxxuixs e go sgx^saj aqj, *axxssxui paxxo^^^o^ 
-pxaueo B go soxgsx jagoe xeqo xo:iguoD pua Agxxgq^^s ^qg uo XT®^ uijogxonjo (gueo 
uxg ou) BuxxxoJ-esjg e go goagga aqg auxuuagap og apBui uaaq seq uoxgaBxgsaAux 
Xauung-puxM x^^guauix jadxa ub ^sguauiom Buxxxo^ paonpux asaqg agBuxuixxQ JO aonpax 
og gjogga ub uj -spaads oxuosjadns ge suoxgB xnBxguoo axTssxui paxxo^^uo^-P^^^^^ 
BuxxaAnauBui Aq paouaxxadxa Axx®^^^^^ g^q4 sguauioui BuxxToj paonpux aBxex go 

uoxgBuxuixxo JO uoxgonpax aqg xog gdaouoo XT^^ Buxxxo^-^^^J JO ssauaAxgoagga 

aqg ogux gqBxsux auios apxAoxd og pagonpuoo sbm uoxgBBxgsaAux guasaxd aqj, 

-suxg XT^^ jaAO 

sax jgauiuiAsB Moxg go goagga aqg BuxgBuxuixx^ Aq Aobjhoob BuxsBaxoux go puB uoxsxad 
-sip Buxonpaj go susaui b sb puB £ -sgax) suxg XT^g BuxxxoJ-oajg qggM (saxogs 
XX^g-^^jg) saxpoq padBqs-quioq uo qoxBasax pagonpuoo sBq Aabn *S‘n ^qg '(CZ. 6 L og 
096 L) Axguaoax axow - (>(OBggB go saxBuB Mog gn saxxogoaCBxg apxgB-gsooq '-B-a) 
suiagsAs axTSSxui Bux xaAnauBuiuou uo axaw sxT^g Buxxxo^-^^J? oqg 'sasBo Aubui ug 
* (Z 'g^J '-B-a) uoxgBBxgsaAux xapun sgoxguoo ggox snoxxBA aqg Aq pagBxauaB axaM 
gBqg sguauioui Buxggox paonpux 'paguBMun agBuxuixga og osgB gnq AggBuxpngiBuox 
sgapoui aqg azxgxqBgs og Aguo gou 'sauiBxgxxB agxssxui aqg uo pasn sbm AgquiassB 
uxg-gxBg BuTggox-aaxg b 'sgsag asaqg go auios xo^ -sauBgdxxB puB sagxssxui xog 
uiBxBoxd qoxBasax goxguoo oxuiBuApoxaB xxaqg go gxBd sb gqBxgg aaxg ux saoxAap 
goxguoo-xgox go xaquinu b pagBBxgsaAUX 'vOVISI 'xossaoapaxd sgx puB VSVJM oqg 
'096 L og 096 L uioxj -Mau gou sx suxg gxBg Buxggox-aaxg Buxsn go sapx aqj, 

-sguauioui Buxggox paonpux aonpax og gapoui agxssxui paggoxguoo-pxBUBO 
B uo ApoqxaggB uxg-gxBg Buxggox-aaxg b sasn ' [ aouaxagax ux paqxxosap sx qoxqM 
^uiagqoxd sxqg go uoxgngos aqg og qoBoxddB auQ -sxaquinu qoBw oxuosxadns gB 
sguauioui Buxggox paonpux go uiagqoxd aqg aouaxxadxa goxguoo apxAoxd og saoBgxns 
pxBMXog azxgxgn qoxqM suoxgBxnBiguoo agxssxui gBqg paguauinoop ggaM sx gg 

isioii.onaoHi,Ni 


-goxguoo mbA pxBUBO puB 

agBuB ggox gapoui og anp ggox paonpux paonpax uoxgBxnBxguoo gxBg Buxggox-aaxg aqg, 
->(OBggB go sagSuB Mog gB gBSxaAax goxguoo-ggox ou qgxM goxguoo ggox gBuoxguaAuoo 
apxAOxd spxBUBo aqg 'uoxgBxnBxguoo gxBg Buxggox-aaxg aqg xo,g *>|OBggB go sagBuB 
Mog gB gaAag AgxgxqBgs gBuxpngxBuog puB adogs SAxno-ggxg auiBS aqg gnoqB aABq 
suoxgBxnBxguoo gxBg Buxggox-aaxg puB paxxg aqg gBqg agBOxpux sggnsax aqg, 

-pageBxgsaAUX osgB sbm suoxgoaggap goxguoo-MBA 
puB -ggox pxBUBO ggBuis go goagga aqx -gapoui agxssxui paggoxguoo-pxBUBo uixog 
-xonxo B go soxgsxxagoBXBqo oxuiBuApoxaB gBxagag puB gBuxpngxBuog oxgBgs aqg uo 
saxpoqxaggB uxg-gxBg Buxggox-aaxg pub paxxg go sgoagga aqg auxuixagap og 99*3 og 
0^'L uioxg sxaquinu qoB^ uiBaxgs-aaxg gB apeui sbm uoxgBBxgsaAux gauung-puxM v 




z 


vb/eojog opxs ':^uaioT jjaoo eojog-apis 
pvb/:^U3uioui buiMPA ^:^ueTOTgjaoo :^uauioui-6uiMaA ^3 

Vb/aojoj ^xuaT0TX5900 aojoj-x^^^o^ 

Zvb/:^uauioiu SuiqoxT^j 'xuaxoTjjaoo xuauiour-buTqoxxd ^ 

p^b/^uamoui Buixioh 'xuaToijxaoo :^uauioui-6uTxioj ^3 

aaaBap Jad ^adoxs aAJno-xjTx ^"^3 

^:^uaTDTXXao^ :^xxx ^^3 

Vb/6ejp aseg 'xuaTOXjgiaoo 6aap aseq 

vb/6ejQ 'quaTOTjxaoo 6ejp Q3 

vb/aojox x^xxe aseg 'quexoixjaoo aojoj-x^xxa asaq ^^^3 

Vb/aojoj x^T^ 'quaTOTjjaoo aoJOj-x^T^^ 

(3^? 0 £. 89 e 0 ' 0 ) 

^ui 531 ^X 00*0 '^poq jo eaxe x^^oxqoas-ssojo uinuixxeui aouajagaa V 

'(9 *jaa) sqxun Ajeuioqsn3 *s*n ui Axx^^xqaqquajed uaAib sanx^A quax^Ainba 
aqq qqxM ' (is) sqxun ?o uiaqsAs x^^oiqeujaqui aqq ut paquasajd axe squauiajns 
-aaw *sqiun Ajeuzoqsn3 *s*H apeui aaaM suoTqex^i^X^^ pu® squama jnsaa^ 

*qq6uax Apoq aouaja 

-qaj aqq jo quaojad 0 * 61 ^ asou x^poui aqq qo qqa paqeoox spm aouajaqaj quauiom 
aqx -maqsAs sxxe-Aqixxqeqs aqq oq pajaaqaj aje qoxqM 6ejp pue qqxx Joq qdaoxa 
maqsAs sxxe-Apoq aqq oq pajjaqaj aje aqep quaiOTjqaoo oxmauApojae aqj, 

STO 9 WAS 


-Apoqjaqqe uxq-xxeq buixXOJ-aaaq 

pue paxxq g qqxM x^PO^i aqq qo soxqsx jaqoG jaqo oxmeuApojae x^^^^^X P^^ X^^TP^^ / 

-xBuox oqq uo spxGUGO aqq qo suoxqoaxqsp xoJ^^o^-^^A puG -XTO^ XT^uis qo sqoaqqa i 

aqq apnxoux sqsaq asaqq qo sqxnsag * {^ooj jad L x 0*Z) aad ^qL x 9*9 j 

qo xaqmnu spxouAag e qG puG oq 5 ^ sexbuG xi^^ (pjGUGO) x^po^ I 

oS 3 oq qX- sgm aBuGj >(DGqqG-qo-axBuG x^^xmou aqj, ‘98*3 ^q 0Z.*L uioxq sjaqmnu 
qoGw puxM UGXd AjGqxun AaxBuGg aqq ux paqonpuoo ajtaM sqsaq aqj, 

'XOjquoo IXOJ puG 'mgA ^qoqxd Joq uiaqsAs | 

Xojquoo pjGUGO uijoqxonao g Buxzxxt^^ uiaqsAs xojquoo axBuxs g aAGq oq uoxqGjnBxq 
-uoo axxssxm g Buxmoxx^ squamajxnbaa asaqq AqsxqGs Agui qdaouoo XT^q Buxxxox 

-aajq aqx *Aqxxxqxxaxq JGxnpoui puG Aqxoxxdmxs ajom suoxqGjnBxquoo axxssxui : 

paxxoJ^uo^-PJ^^^^ 3 axB oq paau BuxmojB g sx axaqi, *>(OGqqG qo saxBuG Moq qe i 

XOjquoo apnqxqqG-xxo^ BuxdmGp-xxoj pasGajoux jaqqxa 'qojquoo jjoj qo ajnsGaui 
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d reference diameter, 6*604 cm (2*600 in*) 

2 reference body length, 99,060 cm (39*000 in*) 

M Mach number 

g free-stream dynamic pressure, N/m^ (psfa) 

ot angle of attack, deg 

^roll differential deflections of two canards (canards 2 and 4, shown in 
sketch (a)) for roll control; individual canards are deflected 
indicated amount; negative to provide counterclockwise rotation 
when viewed from rear, deg 

^yaw yaw-control deflection of two canards (canards 1 and 3, shown in 

sketch (a)); positive for leading edge right when viewed from rear, 
deg 

<t>c model roll angle; positive clockwise when viewed from rear (for 

canards are in vertical and horizontal planes) , deg 

^tail roll rate of tail-fin afterbody; positive clockwise when viewed from 

rear, rpm 

8Cj^/9Cl static longitudinal stability parameter 


Canards 



Rear view 

Sketch (a) 
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APPARATUS AND TESTS 


Wind Tunnel 

The investigation was conducted in the low Mach number test section of the 
Langley Unitary Plan wind tunnel, which is a variable-pressure, continuous-flow 
facility* The test section is approximately 2*13 m (7 ft) long and 1*22 m 
(4 ft) square* The nozzle leading to the test section is of the asymmetric 
sliding-block type, which permits a continuous variation in Mach number from 
about 1*5 to 2*9* (See ref* 7*) 


Model 

Dimensional details of the model are shown in figure 1 (a) and a model 
photograph is shown in figure 2, The model was a cruciform missile configura- 
tion that consisted of a cylindrical body with canards, aft tail fins, and a 
tangent ogive nose of fineness ratio 3^0* The complete model body had a fine- 
ness ratio of 15» The canards and tail fins had slab cross sections with 
beveled leading and trailing edges* In order for the model to have a free- 
rolling tail-fin assembly, the tail-fin afterbody was mounted on a set of low- 
friction ball bearings and was free to rotate through 360^ (lock screw out) * 
For the fixed-tail configuration (lock screw in), the tail fins were locked in 
line with the canards* For both the fixed and free-rolling tail configura- 
tions, the canards were deflected to provide roll control and yaw control* 

The tail fins were not deflected (zero cant angle) and the tail-fin assembly 
had no braking system* 


Test Conditions 

Tests were performed at the following tunnel conditions: 



Stagnation 

Stagnation 

Reynolds 

number 

Mach 

temperature 

pressure 



number 








K 

Op 

kPa 

psfa 

per meter 

per 

1 ,70 

339 

1 50 

56*4 

1178 

6*6 X 10 ^ 

2*0 

2,16 

339 

1 50 

68,5 

1 430 

6*6 

2,0 

2,36 

339 

1 50 

75,7 

1 580 

6*6 

2,0 

2,86 

339 

1 50 

98,4 

2056 

6*6 

2,0 


The dewpoint temperature measured at stagnation pressure was maintained 
below 239 K (-30<^ F) to assure negligible condensation effects* All tests 
were performed with boundary-layer transition strips measured streamwise on 
both sides of the canards and tail fins and located 3*05 cm (1*20 in*) aft of 
the body nose and 1*02 cm (0,40 in*) aft of the leading edges* The transition 
strips were approximately 0*157 cm wide (0*062 in*) and were composed of No* 50 
sand grains sprinkled in acrylic plastic* (See ref, 8*) 
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d reference diameter, 6*604 cm (2.600 in.) 

I reference body length, 99.060 cm (39.000 in.) 

M Mach number 

q free-stream dynamic pressure, N/m^ (psfa) 

a angle of attack, deg 

^roll differential deflections of two canards (canards 2 and 4, shown in 
sketch (a)) for roll control; individual canards are deflected 
indicated amount; negative to provide counterclockwise rotation 
when viewed from rear, deg 

^yaw yaw-control deflection of two canards (canards 1 and 3, shown in 

sketch (a)); positive for leading edge right when viewed from rear, 
deg 

4^0 model roll angle; positive clockwise when viewed from rear (for 

= QO, canards are in vertical and horizontal planes) , deg 

^tail roll rate of tail-fin afterbody; positive clockwise when viewed from 

rear, rpm 

static longitudinal stability parameter 


Canards 



Rear view 


Sketch (a) 
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APPARATUS AND TESTS 


Wind Tunnel 

The investigation was conducted in the low Mach number test section of the 
Langley Unitary Plan wind tunnel, which is a variable-pressure, continuous-flow 
facility. The test section is approximately 2,13 m (7 ft) long and 1,22 m 
(4 ft) square. The nozzle leading to the test section is of the asymmetric 
sliding-block type, which permits a continuous variation in Mach number from 
about 1,5 to 2,9, (See ref, 7,) 


Model 

Dimensional details of the model are shown in figure 1 (a) and a model 
photograph is shown in figure 2, The model was a cruciform missile configura- 
tion that consisted of a cylindrical body with canards, aft tail fins, and a 
tangent ogive nose of fineness ratio The complete model body had a fine- 

ness ratio of 15, The canards and tail fins had slab cross sections with 
beveled leading and trailing edges. In order for the model to have a free- 
rolling tail-fin assembly, the tail-fin afterbody was mounted on a set of low- 
friction ball bearings and was free to rotate through 360° (lock screw out) , 
For the fixed-tail configuration (lock screw in), the tail fins were locked in 
line with the canards. For both the fixed and free-rolling tail configura- 
tions, the canards were deflected to provide roll control and yaw control. 

The tail fins were not deflected (zero cant angle) and the tail-fin assembly 
had no braking system. 


Test Conditions 

Tests were performed at the following tunnel conditions: 



Stagnation 

Stagnation 

Reynolds 

number 

Mach 

temperature 

pressure 



number 



— 



— 


K 

Op 

kPa 

psfa 

per meter 

per foot 

1 ,70 

339 

1 50 

56,4 

1178 

6.6 X 106 

2,0 X 10^ 

2,16 

339 

1 50 

68.5 

1 430 

6.6 

2,0 

2,36 

339 

1 50 

75,7 

1 580 

6.6 

2,0 

00 

CM 

339 

1 50 

98,4 

1 

2056 

6.6 

2,0 


The dewpoint temperature measured at stagnation pressure was maintained 
below 239 K (-30^ F) to assure negligible condensation effects. All tests 
were performed with boundary-layer transition strips measured streamwise on 
both sides of the canards and tail fins and located 3,05 cm (1,20 in,) aft of 
the body nose and 1,02 cm (0,40 in,) aft of the leading edges. The transition 
strips were approximately 0,157 cm wide (0,062 in,) and were composed of No, 50 
sand grains sprinkled in acrylic plastic, (See ref, 8,) 
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Ill 


The primary method for controlling tail-fin rotational speed was by limit- 
ing the model angle of attack* In the early stages of this test program, tail- 
fin rotational speed was nominally limited to 200 rpm as a safety precaution; 
however, this limit was extended to 500 rpm as more confidence was gained* In 
order to satisfy these limits, only small canard deflections were made* 


Measurements 

Aerodynamic forces and moments on the model were measured by means of a 
six-component electrical strain-gage balance which was housed within the model* 
The balance was attached to a sting which was, in turn, rigidly fastened to the 
model support system* Balance-chamber pressure (base pressure) was measured by 
means of a single static-pressure orifice located in the vicinity of the bal- 
ance* One light-emitting diode with a photo- transistor receiver pick-up mounted 
on the sting was used in conjunction with a color-coded ring at the base of the 
model to record tail-fin afterbody revolutions* The accuracy of this recording 
system was ±20 rpm* No attempt was made to measure the afterbody torque that 
was produced by the internal ball-bearing friction, viscous-layer skin friction, 
or aerodynamic damping* 


Corrections 

The angles of attack have been corrected for deflection of the balance and 
sting due to aerodynamic loads* In addition, angles of attack have been cor- 
rected for tunnel-flow misalignment* The drag and axial-force coefficient data 
have been adjusted to free-stream static pressure acting over the model base* 
Typical measured values of base axial-force and drag coefficients are presented 
in figure 3* 


PRESENTATION OF RESULTS 


Figure 


Effect of free-rolling tail on longitudinal aerodynamic characteristics 


of model with zero control deflection at - 

(|)c = QO 4 

4)c = 450 * 5 

Effect of canards on longitudinal aerodynamic characteristics of model 

with free-rolling tail at (|)^ = 0O ***** 6 

Effect of free-rolling tail on lateral aerodynamic characteristics of 
model with zero control deflection at - 

4)c = 00 7 

4 )^ = 26*60 ***** 8 

4)^ = 450 9 


1 


5 



Figure 


Effect of canards on lateral aerodynamic characteristics of model with 

free-rolling tail at 4)^ = 0® , 10 

Roll-control characteristics of model with fixed and free-rolling tail 
at - 

4)c *= QO n 

4)c = 450 , . , . 12 

Yaw-control characteristics of model with fixed and free-rolling tail 

at ^ 0 ^ ..... 13 


Table 


Summary of test data from free-rolling tail configuration with - 

Zero control deflection ^ ^ ^ ^ ^ » I 

Canard off * » ^ * * » * ^ * * » » ^ ^ ^ ^ # » » » » » ^ II 

Two canards differentially deflected 0^5^ each for negative roll 

control ^ ^ ^ ^ ^ ^ ^ ^ » III 

Vertical canards deflected 5^ for positive yaw control » ♦ ^ , * . . , IV 


DISCUSSION 

Longitudinal Aerodynamic Characteristics 

The longitudinal aerodynamic characteristics of the model with zero control 
deflection are presented in figures 4 and 5 for 4^^ = 0® and 45^^ respectively*. 
In general, at low angles of attack (a ^ 4^) , both the fixed and free-rolling 
tail configurations have about the same lift-curve slope C^^ and stability 

level 8 Cj|^/9Cl» At the higher angles of attack for 4>c ” free-rolling 

tail configuration has more nonlinear pitching-moment coefficient characteris- 
tics with a slight pitch-up tendency and, in general, less restoring moment 
than the fixed-tail conf iguration* These aerodynamic differences between the 
two configurations for the 4>^ = 45^ case (fig» 5) are less pronounced, with 
the pitching-moment curves becoming more nearly linear with increases in Mach 
number for the free-rolling tail configuration v However, the fixed-tail con- 
figuration now exhibits the pitch-up tendency that characterized the free- 
rolling tail configuration at 4^^ = 0^* This pitch-up trend is typical for a 
missile with cruciform tail fins in the x-position (4)^ = 45^) at supersonic 
speeds. Flow-field effects, in conjunction with adverse panel-to-panel inter- 
ference between the windward and leeward tail-fin surfaces, result in a small 
overall reduction in tail lift capability. This loss of lift for the fixed-tail 
configuration (4>c ” 45^) can be seen in the lift-coefficient curves presented in 
figure 5 and for the free-rolling tail configuration at (t>c = figure 4, 

Visual observation has shown that for 4^^ = 0^, the free-rolling tail fins are 
generally interdigitated to the canards (x-position) when rotation stops and are 
therefore in a similar flow environment as the fixed-tail case when = 45^, 
This loss in tail lift would account for the pitch-up tendency. 
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yaw-control capability than the fixed-tail configuration. Again, the aero 
lockup is delayed to higher angles of attack, (See table IV,) 


CONCLUSIONS 

A wind-tunnel investigation was made at free-stream Mach numbers from 1,70 
to 2,86 to determine the effects of fixed and free-rolling tail-fin afterbodies 
on the static longitudinal and lateral aerodynamic characteristics of a cruci- 
form canard-controlled missile model. The effect of small canard roll- and 
yaw-control deflections was also investigated. The results of the investiga- 
tion are as follows: 

1 , The fixed and free-tail configurations have about the same lift-curve 
slope and longitudinal stability level at lov7 angles of attack, 

2, For the free-rolling tail configuration, the canards provide conven- 
tional roll control with no roll-control reversal at low angles of attack, 

3, The free-rolling tail configuration reduced induced roll due to model 
roll angle and canard yaw control. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
August 9, 1978 
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TABLE I,- SUMMARY OF TEST DATA FROM FREE-ROLLING TAIL CONFIGURATION 

WITH ZERO CONTROL DEFLECTION 


a. 

4>c» 

Tail-fin roll rate, rpm^ 

Remarks 

deg 

deg 

Counterclockwise 


-1 *9 

0 

115 


-*8 


122 


0 


115 


1 *2 


127 


2*2 


97 


4*4 


88 


6*6 


80 


8*9 


0 

Stopped rolling 

11 *1 


0 

Aero lockup 

13*5 


0 

Very small oscillation angle 

>1- 




17*9 


0 


-2*0 

26*6 

1 08 


5 


1 33 


-*1 


121 


1 *1 


1 27 


2*1 


116 


4*5 


1 2 

Rotated very slowly 

6,6 


116 

Roll rate apparently increasing with ct 

CM 

1 

45 

1 05 


-*9 


112 


0 


1 23 


*9 


112 1 


2*2 I 


1 24 


4*4 


0 

Stopped rolling 

6*5 


0 

Very small oscillation angle 

8*8 


21 

Rotated very slowly 

i 




17*8 


0 

Aero lockup 

-1 *2 

0 

1 20 


*1 


114 


1 *0 


112 


2*2 


11 0 


3*3 


96 


5*5 


75 


7*7 


0 

Stopped rolling; aero lockup 

^1- 




24*7 


0 



^When viewed from the rear* 



TABLE Continued 


a, (|)^^ Tail-fin roll rate, rpm^ 
deg deg Counterclockwise 


Remarks 


0 26,4 

1 



Stopped rolling 


Roll rate apparently increasing with 


Stopped rolling 
Started rolling 


Roll rate increasing with a 


Stopped rolling; aero lockup 
Large oscillation angle 


Stopped rolling 

Roll rate apparently increasing with 


^When viewed from the rear, 



TABLE I*- Continued 


M 

a. 


Tail-fin roll rate, rpm^ 

Remarks 


deg 

deg 

Counterclockwise 


2,36 

-1 ,0 

45 

56 



,3 


70 



1.3 


1 00 



2,4 


56 



3,5 


54 



5,6 


0 

Stopped rolling 


7,7 


33 

Started rolling 


9,9 


118 

Roll rate increasing with ot 


1 2.0 


161 



14.4 


167 



16.5 


1 22 



18.7 


0 

Stopped rolling; aero lockup 


i 





23,8 


0 


2,86 

-2,9 

0 

23 

Low roll rates 


-1 ,6 


71 



-, 5 


64 



,7 


62 



1 ,8 


36 



3,8 


0 

Stopped rolling; aero lockup 







22,0 ; 


0 


2,86 

1 

00 

26, 5| 

33 



-1.5 


49 



-,6 


51 



,6 


0 

Oscillated; 2 or 3 revolutions 


1 .8 


50 

Started rolling 


3,7 


0 

S topped rolling 


5,9 


0 



8,0 


131 

Started rolling 


10,0 


0 

Stopped rolling 

. 

11.5 


230 

Roll rate apparently increasing with ot 


^When viewed from the rear» 


13 


TABLE I , - Concluded 


M 

a. 

4>cf 

Tail-fin roll rate, rpm^ 


deg 

deg 

Counterclockwise 

2,86 

-2,5 

45 

27 


-1 ,5 


51 


-,5 


93 


,7 


50 


1 ,7 


0 


3,9 


0 


5,9 


0 


8,1 


75 


10,3 


1 20 


12,6 


124 


14,6 


0 


17,0 


0 


19,1 


0 


20,2 


157 


^When viewed from the rear^ 


Remarks 


Low roll rates 


Stopped rolling 
Small oscillation angle 

Started rolling 
Steady rolling 

Stopped rolling 
Started rolling 


14 



TABLE II,- SUMMARY OF TEST DATA FROM FREE-ROLLING TAIL CONFIGURATION 


WITH CANARD OFF 


M 

a. 


Tail-fin roll rate, rpm^ 

Remarks 


deg 

deg 

Clockwise 


1 ,70 

0 

(N 

1 

0 

54 

Very low roll rates 


-,9 


37 



0 


39 



1 ,0 


46 



2,1 


47 



4,0 


31 



6,0 


31 



8,0 


0 

Stopped and started to roll 


10,0 


0 



12,1 


30 



14,2 


28 



16,4 


26 

Aero lockup 

2,16 

-1.6 

0 

33 

Very low and steady roll rates 


-,9 


34 



-,1 


31 



1 ,0 


47 



2,0 


20 



3,0 


30 



5,0 


23 



7,0 


0 

Stopped rolling 


9,1 


0 

Stopped; started for several revolu- 


11 ,3 


0 

tions at a very slow rate 


13,4 


26 

Stopped; started; oscillated 


23,2 


27 

Rolled hesitantly and irregularly 


^When viewed from the rear. 
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TABLE II,.- Concluded 


M 

a. 


Tail-fin roll rate, rpm® 

Remarks 


deg 

deg 

Clockwise 


2,36 

-1 ,2 

0 

74 

Low roll rates 


-,3 


47 



,8 


86 



1 ,8 


52 



2,8 


1 02 



4,9 


88 



6,9 


45 

Stopped; started; and oscillated 


9,0 


0 

Rolled hesitantly and irregularly 


i 





23,0 


42 


2,86 

-2,5 

0 

39 

Low roll rates 


4- 





5,6 


28 



7,8 


0 

Stopped rolling 


9,8 


0 

Oscillated through small angle 


4 





21 ,6 


0 



^When viewed from the rear. 
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TABLE III.- SUMMARY OF TEST DATA FROM FREE-ROLLING TAIL CONFIGURATION 


WITH TWO CANARDS DIFFERENTIALLY DEFLECTED 0.5° 
EACH FOR NEGATIVE ROLL CONTROL 


M 

a. 


Tail-fin roll rate, rpm^ 

Remarks 


deg 

deg 

Clockwise 


1 ,70 

-2,2 

0 

98 



-1 ,1 


96 



0 


90 



1 ,2 


100 



2,4 


114 



4,5 


1 23 



6,6 


1 31 



8,9 


97 



11 ,1 


0 

Stopped rolling; aero lockup 


17.9 


0 

Small oscillation aiigle 

, o 

-2,3 

45 

1 02 



-1 ,3 


81 



-.1 


83 



1 ,3 


1 05 



2,2 


1 04 



4,3 


128 








CO 

o 


207 

Roll rate increasing with a; 





a > llO; rpm > 500 

2,16 

-1 ,2 

0 

93 



0 


97 



1 ,1 


109 



2,2 


1 22 



3,3 


136 



5,5 


154 



7,6 


164 

Steady rolling 


16,7 


1 38 



18.9 


0 

Stopped rolling; aero lockup 


to 

00 


0 



®When viewed from the rear. 


17 




TABLE III,- Concluded 


( 


M 

a. 

^ c ^ 

Tail-fin roll rate, rpm^ 


deg 

deg 

Clockwise 

2,86 

-2,7 

0 

51 


-1 ,5 


67 


-,4 


87 


,7 


104 


2,1 


80 


3,8 


99 


5,9 


1 23 






14,7 


133 


17,0 


0 






22, 6| 


0 

2,86 

-2,6 

45 

84 


-1 ,5 


58 


-,5 


65 


,6 


71 


1 ,7 


73 


3,8 


1 05 






10,3 


42 


12,5 


0 






22,5 


0 


Steady rolling 


Stopped rolling 


Low roll rates 


Steady rolling 


Stopped rolling 


^When viewed from the rear. 


I 


Remarks 


aero lockup 


; aero lockup 


TABLE IV,- SUMMARY OF TEST DATA PROM FREE-ROLLING TAIL CONFIGURATION 


WITH VERTICAL CANARDS DEFLECTED 5^ FOR POSITIVE YAW CONTROL 



a. 


Tail-fin 

roll rate, rpm^ 

M 

deg 

deg 






Clockwise 

Counterclockwise 

1 ,70 

-2,2 

0 

360 



-1 .1 


1 34 



0 



80 


1 ,0 



31 4 


2,1 



463 

2,16 

-1 ,3 

0 

1 52 



0 



53 


1 ,1 



240 


2,2 



430 


3,3 



51 7 


6,2 



522 

2,36 

-1 ,3 

0 

1 91 



-,2 



36 


,9 



187 


2,0 



360 


3,0 



500 


6,7 



590 

2,86 

-2,7 

0 

351 



-1 ,5 


177 



-,5 


55 



,6 



84 


1 ,7 



206 


3,9 



439 


5,8 



527 


8,3 



507 


10,3 



354 


12,5 



94 


14,1 



0 







CM 

CM 



0 


^When viewed from the rear. 


Remarks 


Roll direction changed 
Roll rate increasing with a 
Excessive roll rate 


Low roll rate 


Excessive roll rate 


Very low roll rate both directions 
Roll rate increasing with a 


Excessive roll rate 


Roll direction changed 
Roll rate increasing with ot 


Stopped rolling; "stable” aero lockup 


20 






Figure 1 •- Concluded 




23 


Figure 2*- Model 





Figure 3.- Typical variation of measured b and Cjj with angle of attack 







(a) Concluded. 


Figure 4.- Continued 









(c) Concluded# 


Figure 4#- Continued 
























Canard 



a, deg 

(a) M = 1 .70, 

Figure 6.- Effect of canards on longitudinal aerodynamic char 
acteristics of model with free-rolling tail at c|) = 0^. 






on 



0 4 8 12 

a, deg 


(c) M = 2.36. 


Figure 6.- Continued 

















(b) M = 2.16. 


Figure 8.- Continued 











(b) M = 2,16. 


Figure 9.- Continued 
















-8 -4 0 4 8 12 16 20 24 28 


a, deg 

(a) M = 1 .70. 

Figure 10#- Effect of canards on lateral aerodynamic character 
istics of model with a free-rolling tail at 

























a, deg 


(a) M = 1 .70. 

Figure 12.- Roll-control characteristics of model with fixed and free-rolling 
tail at (br. = 45^. Two canards deflected. 



(b) M = 2.16, 
Figure 12*- Continued 









JilSii 



(a) M = 1 .70, 

Figure 13.- Yaw-control characteristics of model with fixed and free-rolling 
tail at (t)^. = 0^. Vertical canards deflected. 


I 


73 


(b) M = 2.16 


Figure 13.- Continued 





(c) M = 2.36 


Figure 13,- Continued 
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